Interpolators are widely used in image processing because they allow us to estimate the unknown values of sensor measurements. In this research, we present a comparison between commonly used interpolators to evaluate how each affect the behavior of the data, it is studied the problem of interpolation as a means to infer information at a higher frequency through the mathematical description an depth image.
Introduction
Image processing and analysis is currently better known and used for various activities in the world of technology, the type of analysis that is performed and the techniques used are directly linked to the amount of information provided by each image, as well as what needs to be identified through this one. This information depends in turn on the sampling frequency of the sensor being used; a digital image is constituted by a spatial sampling of a set of sensors represented by a matrix. However, when talking about sampling, the main limitation observed is the sensor acquisition frequency, which in turn is limited due to the characteristics of the phenomenon being sampled. In several occasions to compensate for the limitations above, it is common the use of interpolators, so that we can obtain more information about the phenomenon being analyzed.
Therefore, when using an interpolator it is expected that the information obtained through it will be consistent with the data originally acquired, that is, that it does not deform the nature of the information, since this can directly affect the result of the analysis performed.
Therefore, in this work, we study the problem of interpolation as a means to infer information at a higher frequency. We examined how three different types of interpolators affect the data acquired at a certain frequency. We present experiments with depth images of increased resolution and analyze how much it affects the method of interpolation used in the original image.
Theoretical Foundation
There is evidence in the literature of different comparatives between interpolators, however these are based on criteria such as: execution time, precision, clarity of the image, among others [1] , [2] . However, for purposes of this work, what is interesting is to know how much it affects or not the use of some interpolator to the original distribution of the depth image.
In this work, three commonly used interpolators are used in image analysis, which are described below.
Linear Interpolation
One of the most used interpolators is the linear one described in Eq. (1) due to its simplicity. It consists in fitting a line to two given points:
where g (x) denotes that this is a first-degree interpolation polynomial. To interpolate an image, the function is first applied to the x-axis and then to the y-axis. The advantage of using the linear interpolator is that the implementation is simple, for this reason, the computation time is small compared to other interpolators. Another advantage of the linear interpolation is that the results are more accurate with smaller intervals between the two points. However, in the same way, if the interval is large, the result is more inaccurate. It should also be considered that if the selected points do not correspond to a straight line, the calculated values become incorrect.
Lagrange Interpolation
The Lagrange interpolation polynomial is a reformulation of Newton's polynomial that avoids the calculation of the divided differences, and is represented by Eq. (2) of polynomial bases of Lagrange (Eq. 3):
The Lagrange interpolation grows fast computationally with the increase of the interpolator degree. The polynomial degree varies according to the input points, i.e., if we remove or add points it is necessary to change the degree of the polynomial.
Basic Splines (B-Splines)
The purpose of this interpolator is to make the interpolation curve smoother and improving the image edges. The cubic B-spline function is defined in Eq. (4):
݂
The three-order B-spline function is as follows:
The B-spline interpolator has a greater mathematical complexity, because the base functions do not support an explicit expression and change when adjusting the nodes vector.
Methodology
For this work and because they are analyzing depth images it is decided to choose two objects that have the following properties. 1. Rigid object of known form, non 2. Soft and amorphous object. This is considered as the most special cases that can be found when image through a ToF camera
Fig.
Depth images were acquired with a ToF camera, to reduce the noise generated by the sensor, 250 depth images were acquired and we averaged to estimate th value of each pixel.
Were implemented (Linear, Lagrange, and B sixteen times, to analyze the effect of each interpolator and each increase over the information provided in the To describe the original image, we calculated the central moments and compared with the central moments of the interpolated images. The formula of the central m ment of order k is described in Eq. (6):
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Methodology
For this work and because they are analyzing depth images it is decided to choose two objects that have the following properties.
Rigid object of known form, non-deformable. Soft and amorphous object. This is considered as the most special cases that can be found when acquiring an camera.
Fig. 1. Objects acquired with the depth sensor
Depth images were acquired with a ToF camera, to reduce the noise generated by the sensor, 250 depth images were acquired and we averaged to estimate the expected and applied the three interpolators to the acquired images (Linear, Lagrange, and B-spline), increasing the acquisitions two, four, eight and , to analyze the effect of each interpolator and each increase over the information provided in the original image.
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Results
In this section, we present t lators on the acquired original image, both qualitative and quantitative In the Figure 3 In tables 1-6 we present the descriptors of the first four central moments to co pare the interpolated images with the input image. Row OI represents the information obtained from the original image, and the subsequent rows represent the central m In Figure 5 it is observed that the linear interpolator for this type of images, offers good results, however, when we scale 16x the original data a considerable variation is observed for the moment 3.
Fig. 6. B-Spline interpolator
Both the B-Spline interpolator and the Lagrange interpolator, from scaling 2x, show a noticeable variation with respect to the original data; however, the B-Spline interpolator as seen in Figure 6 varies more than the Lagrange interpolator Figure 7 for moment 3.
Figures 5, 6 and 7 depict visually how the moments of the scaled images vary more frequently with respect to the original moments of the depth image(pattern of depth). 
Conclusions
In this project, we performed a comparison between the variation of the central moments initials of a depth image against the central moments obtained from a processed image using three different interpolation methods.
Quantitatively it can be observed that there is variation in the central moments of the original image given the selected interpolator as seen in Tables 1-6 ; however, it is also observed that it depends on the shape of the object being analyzed.
As can be seen in Fig. 5 .6 and 7 it can be seen that the linear interpolator is the one that best fits the original central moments of the image, however, increasing it by 16x for the moment 3 is considerably different from the original.
As observed both the Lagrange interpolator and the B-Spline interpolator are the one that presents the greatest variation with respect to the original information as seen in Figure 6 , 7, 9 and 10.
Because of this, the image is scaled with a smaller frequency to be able to visualize where it begins to move away from the original moments Figure 11 , 12, 13, so that when processing images of depth from ToF sensors, this is taken into consideration.
